• Microcystins are toxins produced by cyanobacteria, notorious for negatively 3 0 affecting a wide range of living organisms, among which several plant 3 1 species. Although microtubules are a well-established target of microcystin 3 2 toxicity, its effect on filamentous actin (F-actin) in plant cells has not been 3 3 studied yet. 3 4 •
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Biotechnology, Dallas, TX, USA), diluted 1:50 in PBS, and AlexaFluor488-anti-mouse 1 6 7 (Invitrogen, Carlsbad, CA, USA), diluted 1:150 in PBS, were used. For tubulin 1 6 8 immunolabeling, rat anti-α-tubulin (YOL 1/34, Serotec, Kidlington, UK) was applied as 1 6 9 primary antibody and incubated overnight, then washed with PBS and incubated with 1 7 0 FITC-anti-rat at 37°C for 3 h. Both antibodies were diluted 1:40 in PBS. DNA was 1 7 1 counterstained with DAPI (0.9 mM stock solution of 4',6-diamidino-2-phenylindole in with PBS, all specimens were mounted with anti-fade medium. Fluorescent specimens were observed with a Zeiss Observer.Z1 (Carl Zeiss AG, 1 9 2 Munich, Germany) microscope, equipped with the LSM780 confocal laser scanning 1 9 3 8 (CLSM) module, with the appropriate filters for each fluorophore. Imaging was 1 9 4 achieved with ZEN2011 software according to the manufacturer's instructions. Fluorescence intensity measurements for F-actin were performed in maximum 1 9 8 intensity projections of serial CLSM sections of root tips (in the meristematic and Dunnett's test) using SigmaPlot (San Jose, CA, USA), with significance at P <0.001. To assess the frequency of cells in various cell cycle stages, control and treated 2 1 0 specimens prepared for F-actin labeling or tubulin immunostaining and DAPI staining test, df = 3) was performed with SigmaPlot, with significance at P <0.001. For cytoplasmic streaming recording, 4-to 5-day-old rice seedlings were placed on 2 2 2 glass slides and their roots were dipped either in water (control) or in the extract, Zeiss AG). Time lapse images were captured using AxioVision Rel. 4.8.2 software 2 2 6 (Carl Zeiss AG). Specifically, for each recording, 60 images captured every 2 sec, 2 2 7
were combined in videos of 12 sec duration. The extract used for treatment was 2 2 8 replenished regularly after each image capture. 10 Fine actin filaments were abundant in all untreated meristematic cells ( Fig. 1A1 ). F-2 5 0 actin phragmoplasts were obvious in cytokinetic cells, either control or treated with 2 5 1 MC-LR for various times (arrows in Fig. 1 ). In MC-LR-treated cells, cortical actin to the control (Fig. 1A2 ). Especially after 30 min and 1 h, ring-shaped F-actin In the differentiation zone, F-actin cables could be observed in untreated cells, In roots treated with the extract (Fig. 4 ), F-actin bundles were disoriented, an effect After 24 h, several cells were devoid of F-actin ( Fig. 4D1 ). treatment. This decrease appeared to be especially steep in MC-LR treated roots, 2 7 7 11 just after 30 min of treatment. Any temporary increases in fluorescence intensity (e.g. in differentiated root cells after 1 h of treatment with the extract) could be attributed to 2 7 9 F-actin bundling effects. After 30 min of exposure, cortical microtubules of interphase cells were significantly 2 9 0 fewer ( Fig. S1E ; cf. S1A). In affected preprophase cells, preprophase bands were 2 9 1 visible, but perinuclear microtubules were absent ( Fig. S1F ; cf. S1B). In affected cells 2 9 2 with condensed chromosomes, as assessed by DAPI staining, typical spindles were 2 9 3 not found, as microtubules connected to the chromosomes appeared either 2 9 4 abnormally elongated ( Fig. S1G ) or short and disoriented (Fig. S1H ). In the above 2 9 5 affected mitotic cells, microtubule fragments and/or fluorescent tubulin structures, 2 9 6 apart from chromosome-connected microtubules, could also be observed (Figs S1G, 2 9 7 H). In telophase/cytokinetic cells treated as above, phragmoplasts could be S1I; cf. S1D), their (-) ends sometimes attached on the surface of daughter nuclei. cells preprophase bands exhibited gaps ( Fig S2G; cf. Fig. S2H ). MC-LR-affected The assessment of cell cycle stages in treated root tip cells revealed that each stage 3 1 5 frequency was significantly altered after 1 h of treatment with MC-LR, while it was 3 1 6 severely disturbed in extract-treated roots even after 30 min (Table 1 ). In the latter 3 1 7 case, the percentage of preprophase/prophase cells was increased after 30 min of with the extract (see Supplementary Videos) . After 1 h, streaming either stopped or 3 2 7 appeared to be slower (left and right arrow, respectively, Video S5; cf. S4), as during the exposure time period (Videos S1-3). After 2 h, streaming (where present) 3 3 0 was noticeably abnormal and cytoplasmic aggregates could be observed (arrow and 3 3 1 arrowhead, respectively, Video S6; cf. S4). The toxic extract also affected the integrity and distribution of the endoplasmic 3 3 5 reticulum. In cells exposed to the extract for 30 min and 1 h, fluorescent endoplasmic 3 3 6 reticulum aggregates were observed by CLSM, located cortically and/or around the 3 3 7 nucleus (Fig. 6B, C) , in contrast to the evenly distributed endoplasmic reticulum of 3 3 8 untreated cells (Fig. 6A) . After 3 h of treatment, these aggregates appeared to fade, while the nucleus exhibited morphological alteration (Fig. 6D ). loosely packed cisternae of untreated cells (Fig. 6E ). In addition, while in untreated clustering and vesicle aggregation were intensified (Fig. 7C ). In this study, MC-LR disrupted F-actin in rice roots. The detrimental effects were 3 5 0 recorded as significant alterations of the network (Figs 1, 3) and as a gradual 3 5 1 decrease in F-actin fluorescence intensity (Fig. 5) , eventually leading to a collapse in 3 5 2 both meristematic and differentiating root cells (Figs 1, 3) . cell cycle stages after just 30 min (Table 1) . On the contrary, MC-LR affected According to cytological studies on other plant species, MCs affect the integrity and 3 6 0 organization of microtubules, causing chromatin hypercondensation in plant cells by 3 6 1 inhibiting PP1 and PP2A, which subsequently leads to histone H3 Also, experiments on Arabidopsis thaliana indicated the involvement of subfamily II Interestingly, in the present study, treatment with purified MC-LR did not result in any 3 7 0 of these effects. A possible reason for this could be that the duration of treatments 3 7 1 here was far shorter than in the previously mentioned studies. In most of the relevant flos-aquae TAU-MAC 1510, it is also likely that these effects may be the result of a 3 7 8 synergistic action of various bioactive compounds produced by the strain. For The findings of the present study prove that F-actin is indeed a target of structures", which eventually collapsed, forming aggregates around the cell nucleus as changes in subcellular localization) of Rac1, a small GTPase, which is regulated 4 1 7 by PP2A (Nunbhakdi-Craig et al., 2003) and is involved in microtubule and actin 4 1 8 dynamics (Wittmann et al., 2003) . In plants, the presence of cofilins has been 4 1 9 reported in various species (Hussey et al., 2002) , while PP2A-2, an isoform of PP2A, 4 2 0 is known to directly regulate ADF/cofilin (and, therefore, F-actin rearrangements) in Importantly, in rice root cells, progression of F-actin disorganization/disorientation 4 2 5 appeared to be slower than in animal cells and not as harsh; in fact, even after 24 h 4 2 6 of exposure, actin filaments could still be observed, though scarce. The increased 4 2 7 resistance of actin filaments to microcystins could be attributed to at least three Whichever the mechanism by which F-actin is affected by microcystins, the effect of conditions, due to cell lysis during cyanobacterial blooms. According to this view, 4 3 7 disruption of F-actin may be one more possible reason for cyanobacterial toxicity to In addition, the importance of F-actin disorganization is also reflected on the endoplasmic reticulum has been also previously observed in rat hepatocytes after 4 5 6 treatment with MC-LR for 20 min (Eriksson et al., 1989) . In conclusion, F-actin is a target of MC-LR. In addition, the microcystin-rich extract of Further research is needed in order to elucidate the above in detail. After 30 min of treatment with the extract (Α1), cortical actin filaments appear disoriented (A2; cf. Fig. 1A2 ), tending to form bundles after 1 h (indicative 7 3 0 arrowheads in B1, B2). After 2 h, bundling increases (indicative arrowheads in C1, 7 3 1 C2). After 24 h, the F-actin network has collapsed and cells devoid of actin filaments 7 3 2
